Carbon nanomaterials continue to amaze scientists due to their exceptional physical properties 1 .
thickness, which is a direct consequence of the electronic decoupling induced by the turbostratic stacking.
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The high temperature growth of carbon nanostructures has led to the discovery of allotropes such as fullerenes 4 , carbon nanotubes (CNT) 5 , carbon cones and carbon disks 6 . The latter are composed of turbostratically stacked graphene layers 7 . In particular, graphene multilayers grown on SiC have been shown to exhibit a nearly ideal band structure 8 and monolayer-like Raman features 9 . These features have been ascribed to the electronic decoupling induced by the rotation of adjacent layers 10 , theoretically predicted to occur for rotation angles between 1.47º and 30º 2a .
Here we study multilayer disks that can be grown in large quantities by the pyrolysis of hydrocarbons in a plasma torch process. We show that their robust fully turbostratic nature results in reproducibly high charge carrier mobilities as required for future electronic and spintronic devices and comparable to suspended graphene.
The graphitic disks were dispersed in 1-methyl-2-pyrrolidinone using bath sonication followed by centrifugation allowing for the separation of the disks from each other and from other types of microstructures (for more details see supplementary information Figure S1 In Figure 2 (a) we plot representative Raman spectra of a turbostratic disk and natural graphite.
We observe similar spectra for all disks analyzed suggesting that the Raman spectrum does not depend on the disk thickness or the stacking angle. The shape and intensity of the 2D peak is
significantly different from what has been reported for graphite or multilayer graphene. In the 4 case of CNT the 2D peak appears as a single peak with an intensity comparable to the intensity of the G peak. In our case Raman mapping yields I 2D /I G ~ 0.75 (peak intensity - Figure S4) which is in line with the CNT case. We can fit the 2D peak with three Lorentzian functions separated by ~3 meV. Such a fit of the 2D peak with multiple Lorentzians has been attributed to the presence of van-Hove singularities (vHs) in CNT 13 , which previously have also been observed in twisted bilayer graphene 14 and predicted to induce magnetic states 14 .
As turbostratic stacking of graphene multilayers is predicted to lead to electronic decoupling, resulting in monolayer-like electric transport properties Given these indications for low charge carrier concentrations, the low R s must stem primarily from large charge carrier mobilities. To corroborate this, we plot in Figure 3 ( If this explanation holds, the back-gate dependence of the resistance should be strongly temperature dependent as it acts only on the bottom interface layers. We measure the back-gate dependence of the resistance to calculate the charge carrier densities (n s ) and mobilities (μ), for both surface and inner layers. The disks show an ambipolar electric field effect with a maximum in resistivity and an almost symmetric drop with applied back-gate voltage (VBG) (Figure 3 (d) ).
This behavior is known from graphene 16a resulting from the symmetric band structure around the Dirac points (conductivity σ proportional to n s ). The maximum of the resistance at the neutrality point, and the difference R(0 V BG ) -R(±100 BG ) feature a reciprocal drop with temperature (see Figure S6 ).
To further analyze the observed ambipolar effect, we use a screening length of = 1.2 ± 0.2 nm as reported from measurements on top-and bottom-gated thin films of graphite 18 which is In summary, we study fully turbostratic graphitic multilayer microstructures that combine the easy processability, robustness and high charge carrier mobilities necessary for advanced 7 devices. TEM characterization of isolated graphitic disks reveals Moiré and diffraction patterns that confirm their fully turbostratic nature. The transport characterization of many disks yields reproducible mobilities of >10 5 cm 2 V -1 s -1 independent of the thickness of the disks. While the screening of the inner layers prevents effective gating, the high charge carrier mobility qualifies turbostratic graphene for a range of devices including interconnects and given the scaling of the spin diffusion length with charge mobility 19 , for spintronics devices 3 . In particular, as recently shown for few layer epitaxial turbostratic graphene, huge spin diffusion lengths can be found in these materials 3 . This can be explained by the large charge carrier mobility that we found, making our material suited for efficient spin transport.
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